INTRODUCTION
The term heparin sulfate denotes mucopolysaccharides with a structure similar to heparin but which lack significant anticoagulant potency (1) . The term also connotes a continuum or family of N-sulfated mucopolysaccharides of which the more highly sulfated varieties are called heparins . It appears likely that all cultured mammalian cells synthesize heparan sulfate (2, 3) and that this material becomes incorporated into a metabolically active fraction of the cell surface (4) . The heparan sulfate of the cell surface is readily removed by gentle trypsin treatment under conditions where no irreversible cell damage occurs ; in the case of Chinese hamster cells (line CHO), trypsin treatment removes heparan sulfate and a melange of glycopeptides from cell-surface glycoproteins (4) . These two categories of cell-surface materials have independent metabolism . The ubiquity of heparan sulfate in cultured mammalian cells suggests some general role in cellular metabclism . We report here results concerning cellcycle related fluctuations in the amount present on the cell surface as well as variations in labeling rate from supplied glucosamine-6 3H . Our results encourage speculations as to the role of a generally occurring cell-surface component in the regulation of exposure of components with specific functions for a particular cell type .
MATERIALS AND METHODS
The experiments reported here utilized parasynchronous suspension cultures of line CHO Chinese hamster cells (5) , prepared by first reversibly arresting the cells in G1 by the isoleucine-deficiency method (6), followed by reversibly inhibiting DNA synthesis with thymidine (7) . At the time of removal of thymidine, essentially all cells were near the GI/S boundary. Portions of the cells were harvested at various times after release from thymidine block, in each case at the end of a 2 hr period of labeling with added glucosamine-6-3H . To determine the distribution of cells among the phases of the cell cycle, a small sample of each harvest was examined for distribution of cellular DNA content using a flow microfluorometric analysis of fluorescent-Feulgen stained cells (8) . The remainder of each harvest was used for analyses of the complex carbohydrates of materials removed from the cell surface as well as cell sap and internal membrane fractions . The methodology of these procedures has been described previously (4) ; briefly, they consist of isolations based upon molecular sieve and DEAE-cellulose chromatography . The isolated complex carbohydrate fractions were then assayed for mass (by colorimetric assays of particular sugar residues) and radioactivity .
RESULTS
An experiment of this type is illustrated in Figs . 1-4 . In this experiment, cells were released from a 10 hr thymidine block which was applied 4 hr after release from a 30 hr isoleucine-deficiency block . Six portions of I liter each, designated A-F, were harvested 2 .5, 3 .5, 7 .5, 8 .5, 12, and 13 hr after resumption of cell-cycle traverse, in each case after a 2 hr labeling period (0 .1 mCi/liter glucosamine-63H, sp act 3 .6 Ci/mM) . curve of the cultures is illustrated in Fig . 2 . It is evident that sample C, which is coincident with the period of maximum mitotic activity, has over 30% G2 + M cells, while sample D is highly enriched in G I cells . Analyses of the surface heparan sulfate fraction FIGURE 2 Cell growth and cell-cycle phase distribution of cultures released from thymidine block at 0 hr. Cell-cycle phase distribution values were derived from the data illustrated in Fig . 1 . For instance, cells from harvest D, at 8 .5 hr, according to their DNA content were distributed as follows : S = 14%, G2 + M = 14%, and GI = 72%. Solid circles represent cell number per ml . from each sample are illustrated in Fig . 3 . In-fate synthesis and transport to the cell surface for corporated radioactivity was very similar in the cells in early interphase . Since the pulse-labeling first four samples but increased in samples E and period was of 2 hr duration, the radioactivity F, suggesting an increased rate of heparan sulmeasurement would also include a small turn- over component ; however, analyses of heparan sulfate mass were clearly inconsistent with a steady state across the time span of the experiment. As illustrated in Fig . 3 , there was a highly significant loss of surface heparan sulfate as the cells progressed through late interphase and divided . The similarity of the mass results for samples taken at 7 .5 and 8 .5 hr, an interval that includes about one-fourth of the total cell divisions, suggests that the loss of surface heparan sulfate occurred just before mitosis . Note that the data are plotted as mass or radioactivity per sample of cells rather than per cell . The results thus indicate an actual loss of heparan sulfate mass independent of any per cell decrease due to cell division .
The results illustrated in Fig . 4 , which concern assays of the cell-surface glycopeptide fractions, indicate that the loss of cell-surface heparan sulfate is not merely part of a general premitotic loss of cell-surface materials but, rather, a specific loss . The apparent synthetic pattern, however, of all these cell-surface materials is evidently very similar in that both heparan sulfate and the glycopeptide fraction show increased specific activity in the late G I phase of the cell cycle .
This result is consistent with reported fluctuations of carbohydrate content in synchronized KB cells (10) . In other experiments of this type, the intracellular heparan sulfate fractions were isolated as well as the cell-surface fraction . No cell cycle-dependent losses or increases were found in either the cell sap heparan sulfate or the heparan sulfate associated with internal membranes . Hence, it seems clear that the phenomenon reported here is specific for heparan sulfate in its cell surface-associated form . In a few experiments, the spent medium was harvested after the division wave (i .e ., at 9 hr from the time of release from thymidine block into fresh medium) . Because of the large volume and high serum content, it was not technically feasible to analyze the spent medium in terms of directly acid-soluble heparan sulfate . However, the acid precipitate of spent medium, digested with trypsin and processed as previously described (4), yielded 60-80% of the heparan sulfate that was calculated to have been lost from the cells during the 9 hr period .
DISCUSSION
The pronounced premitotic loss of surface heparan sulfate might suggest, alternatively, (a) degrada- 7 1 6 BRIEF NOTES tion, or (b) return to an intracellular (or trypsininaccessible) location, or (c) release of the intact molecule to the medium . The last possibility appears to be the correct one, since (a) the loss of surface heparan sulfate was accompanied by loss of total cellular heparan sulfate without gain in the intracellular compartments, and (b) the acid-precipitable fractions of spent medium contained the bulk of heparan sulfate . Such acidprecipitable fractions, when digested with trypsin, released acid-soluble heparan sulfate with identical characteristics to that released with trypsin from the cell surface . Hence, the material released before mitosis may well represent nearly intact molecules. Warren and Glick's studies of isolated plasma membranes of L cells suggested that the membrane components, in general, underwent coupled turnover (11, 12) . However, there is precedent for individualized turnover of particular membrane-associated entities in the case of microsomal enzymes (13) (14) (15) . It seems likely that certain quantitative aspects of the phenomenon reported here were the result of recovery from the perturbation of cellular metabolism induced by the synchronization method . For instance, the recovery of surface heparan sulfate after its loss, as illustrated in Fig. 3 , was less than might be expected from the 2 .5 and 3 .5 hr values . After release from the thymidine block, the cells were larger than normal, an effect which is largely compensated for by reduced growth in cell volume during the interphase period after the first division . Hence, it might be expected that regeneration of cellsurface heparan sulfate would be less.
The phenomenon reported here is similar in cell-cycle position to a number of other reported cell-surface changes . These include increased reactivity of wheat germ agglutinin sites (16) and blood group antigen sites (17) . The neuraminidase-sensitive component of cellular electrophoretic mobility is also elevated at this time (18) , and there is some evidence that the mobility change is not related to a changing quantity of surface sialic acid residues but rather is due to their changing exposure at the hydrodynamic slip plane (19) . Other reported cycle-dependent cell-surface changes, such as those related to reactivities of H-2 transplantation antigens and Maloney leukemia virus neoantigens, appear more closely correlated with the immediate postmitotic rather than premitotic period (20) (21) (22) (23) . The results presented here raise the possibility
